CSE681 SW Modeling & Analysis
MidTerm Exam B                
Fall 2002


Midterm B
Name:_______Instructor’s Solution________________   SUID:________________________

This is a closed book examination.  Please place all your books on the floor beside you.  You may keep one page of notes on your desktop in addition to this exam package.  All examinations will be collected promptly at the end of the class period.  Please be prepared to quickly hand in your examination at that time.

If you have any questions, please do not leave your seat.  Raise your hand and I will come to your desk to discuss your question.  I will answer all questions about the meaning of the wording of any question.  I may choose not to answer other questions.

You will find it helpful to review all questions before beginning.  All questions are given equal weight for grading, but not all questions have the same difficulty.  Therefore, it is very much to your advantage to answer first those questions you believe to be easiest.


Notes for Solution:

Presented here are my quite complete solutions for the Midterm B examination.  Its purpose is to provide you with approved answers to the questions, and also to cover many of the issues that I might otherwise need to write about on your exam papers.  So part of the goal of these answers is to decrease the amount of writing I need to do while grading your papers.

Therefore, I do not expect answers from you as detailed as some of my answers included here.  This applies especially to the diagrams associated with message passing and remoting.
1. You are designing an application with a graphical window-based user interface.  Why might you choose to use a worker thread in addition to the UI thread that creates the windows?  How will the worker thread communicate with the UI thread?  Please answer this question in the context of both a Win32-based design and a .Net Forms-based design.


Answer:
Most interesting windows applications have a significant amount of processing behind their user interfaces.  If a single thread serves both the UI and computations it is very likely that the interface will appear to freeze during long periods of computation because the one thread is to busy with computation to process messages in the windows message queue.  We solve this problem by creating a second, worker thread, to perform the computation, and allow the original, primary thread, to continue servicing the message queue.  We may have to give the UI thread higher priority to prevent the worker thread from stealing all the CPU’s resources.

Windows have thread affinity.  That means that, when a window is created, some information used by many of the windows functions is stored in the creating thread’s thread local storage.  Many windows functions use that information to correctly carry out their operations.  Should a worker thread directly access those functions it will not have the required information in its thread local storage and undefined behavior results.

To prevent this undefined behavior, you must never access a windows functions except on the thread that created it.  Only the thread that created a window services its message queue, so the worker thread can post a message to the message queue. In the context of Win32 programs, the worker thread uses PostMessage to put a message into the windows message queue.  Alternatively it can use SendMessage which is designed to check the calling thread identity, and if not the creating thread, block the thread, wake up the UI thread, create a stackframe on the UI thread for the SendMessage call and start it executing the function
.

If the worker thread needs a specific function called, the designer can create user defined messages and associate the message with the specific function that we need to call in a WinProc case statement or in an MFC message map.

In the context of .Net WinForms, the same effect can be achieved by calling the Form’s invoke function with a delegate as its first argument, and the delegate’s arguments passed in an object array.  The delegate is a wrapper for a function pointer pointing to the function that the worker thread needs to call.  The invoke function will block the calling thread and wake up the form’s creating thread to service the delegate’s invocation.

NOTE:  Almost always, the worker thread computes a single result from a single window event, so it does not make sense to try to use a queue.  There’s only one thing coming back, and the UI thread would have to poll the queue, wasting CPU cycles looking for that rare event (it can’t block on the queue since it has to service UI messages, and it can’t respond to notifications on the worker thread).  So just use Form.invoke or PostMessage.
2. Two threads will be accessing an object in a program you are designing.  How can you insure that access is serialized?  Please explain as many of the options available to you as you can think of.  Write a code fragment demonstrating one of these methods with an object of Widget class you designed.


Answer:
We must serialize access through the use of locking mechanisms provided either by the Win32 API or by the .Net library.  These locking mechanisms are:

Win32:

· InterlockedIncrement
- locks 32 bit data, e.g., ints and pointers
· critical section

- locks a region of code

· mutex


- locks a region of code
· event


- locks a region of code 

.Net

· lock


- locks an object
· monitor


- locks an object
· ReaderWriterLock
- locks an a region of code

· Interlocked

- locks 32 or 64 bit data.
· Mutex


- locks a region of code
· ManualResetEvent
- locks a region of code

To lock an object with a mutex or event, we make that construct a data member of the class and use it in every member function that needs synchronization.


To use the lock to lock an object we simply write the following code:

 
Widget widget = new Widget();

 
// some code

 
lock(widget)
 
{
 
    // code that accesses widget
 
}



3. What is a delegate and how does it relate to the use of events in a program of your design?  Can you think of other uses for delegates?  Please write a code fragment that shows how you would use a delegate when starting a thread. 


Answer:
A delegate is a type safe wrapper around one or more function pointers.  It is used to hold pointers to functions that are invoked by using a delegate instance’s name.  Delegates help to decouple classes that publish events from classes that wish to be notified about the event.  

The publishing class declares a delegate and an event.  The delegate defines a type associated with a specific function signature that can be used to accept and then later call pointers to functions with that signature.  The event simply wraps an instance of the delegate and invokes it whenever the event name is used.

The publisher is decoupled from its subscribers in that the publisher never needs to know, nor can know, the subscribing objects that register with it.  It only knows about the pointers it is asked to hold.

Delegates can be used to:

· notify subscribers of the occurrence of a publisher’s event

· build reusable components by decoupling event publication from event handling.

· allow a very flexible function call coupling that may need to change throughout the development of a large system and/or with subsequent reuse of code that contains the delegate.

· Pass a thread its thread processing function in a thread-safe way.  An example of this last use follows:


Thread thread = new Thread(new ThreadStart(ThreadProc));

Here, ThreadStart is a System.Threading defined delegate used to pass the thread its processing function in a type safe way.

4. Show how you would design a file server using .Net remoting.  What role does remote object activation play in this design?  What are your options with respect to activation and what are their properties.  Explain any design issues relating to handling multiple concurrent clients.  

Answer:  I give, here, a diagram that serves for both this question and #7.























[image: image1.emf]Server

remotable object

Client

Communication

Thread

Remoting Thread

Receiving Thread

RecvQ

SendQ

Server-Side

Processing

of

Client Messages

Extract Messages

from

Queue and Display in

User Interface

Remoting Thread

Client-Side

Preparation

of

Request Messages

Request Msg and PBR Object

Calls to Client's PBRO

main thread

main thread

Pass By

Reference

Object

File Storage

Save Files

File Block

File Name Returned


Remote activation is used in two places here.  It is used explicitly in server which has established a remoting channel and identified object type(s) it will activate.  Activated object is shown by cloud in remoting thread.  There is another remote activated object, on client side.  It is declared like any conventional object in client’s code, and passed by reference to server’s remote object as call parameter.  When server makes a call on the passed reference, object is activated on a remoting thread in client’s address space.  It is used to open/close files and accept file blocks from server.  

There are three types of Remoting activation.

· SingleCall activation creates a remote object when a client call is made.  Object is destroyed as soon as call finishes.  Each client making a call gets its own instance of a remote object and passes its own PBR object for file downloads.

· Singleton activation creates remote object when first client call is made.  Object continues to live beyond the time of the call, specified by a lease duration.  Each client that accesses the server gets a reference to the same object, so object must be synchronized.  Here, PBR Object is not necessary, but can still be used.
· Client activation refers to Object that is still activated by the server, but its lifetime is based on a lease and each client gets its own private copy of a remote object instance.  Unlike SingleCall and Singleton, Client activation creates remote object when client calls new, and hence, in this and only this case, parameters can be passed in constructor call.  Again, PBR Object is not necessary, but can be used.
5. When you develop an architectural concept, what are the most important things you must discuss?  What are your obligations to the reader?  What tools do you use to present clearly the options, design decisions, and structure you have selected?


Answer:
You must discuss:

· Uses 

- how the system will be used.  User’s role models.

· Partitions 
- major subsystems and their responsibilities.

· Tasks

- Tasks assigned to each partition

· Events

- important events that signal start of processing threads

· Interactions
- constraints and relationships between the partitions

· Views

- important pictures of the User Interface and data structures


Your goal, and obligation to the reader, is to establish, in a convincing way, the feasibility (or infeasibility) of the system.  You do this by decomposing the system into manageable partitions and examining critical processing needs and constraints for each.

The best thinking and communication tools are the UML diagrams:

· Activity diagram

· Class diagram

· Other UML diagrams perhaps

· Data Structure diagrams


To these we add some back-of-the-envelope
 analysis to examine potential processing bottlenecks and problems meeting critical time lines.  To do such an analysis you first evaluate the working data set – the data the program must consume for a typical application – and then, using simple analysis, if possible, evaluate the program’s performance for that data set.  If we can’t find a way to do a simple analysis then we often resort to simulation to get an idea of the processing needs of the system.

Recall the analysis we did for project #2.  We compared naïve scanning for dependencies with the use of hashedFile objects, to discover that the later was much more efficient and the only viable approach if we want to use the tool for even modest sized commercial projects.

 


6. Write a code fragment that creates a thread, passes it an integer, and receives back a list of its prime multipliers.  You may represent the algorithm for finding prime multipliers by the comment:

 

// find prime multipliers here

Your job is to show how to set up the thread, pass it the integer, and get back the list of prime multipliers.  Note that the returned list is never empty, always containing at least 1 and the number itself if the number is prime and prime multipliers if it is not prime.  The integer 6 has the prime multipliers 2, 3.  Seven has the prime multipliers 1, 7.


Answer:

class Factor
{
  class threadProc
 {
   ArrayList al;
   int _toFactor;

   public threadProc(int toFactor)
   {
     _toFactor = toFactor;
     al = new ArrayList();
   }
   ArrayList returnResults(){ return al; }

   public void proc()    // NOTE: must have this signature!!
   {
     // find prime multipliers here

     lock(al)
     {
       al.add(first)
       al.add(second)
             …
       al.add(last)
     }
   }
 }
 static void Main()
 {
   ArrayList al = new ArrayList();
   threadProc tp = new threadProc(17);
   Thread t = new Thread(new ThreadStart(threadProc.proc));
   t.start();

   // do some other work

   t.Join();  // wait for thread to finish
   ArrayList results = tp.returnResults();

   // present the results
 }
}

7. You are designing a client for a file server, and have decided to use three threads.  One thread services the user interface and composes messages for the server.  One thread manages communication with the server, and one thread handles messages received from the server.  Draw a diagram representing this client and its threads.  How do the threads communicate?  Assume you are also designing the server and wish to use .Net remoting.  What activation model will you choose and why?

Answer
:

See the diagram given in answer to problem #4.  There are four client-side threads, three created explicitly by the client’s designer and one by the Remoting code.

· The main thread composes request messages, based on actions the user takes in the GUI controls.  These are deposited in the SendQ, a synchronized FIFO queue of the .Net Queue class.

· The client thread blocks on the SendQ
 since it has nothing to do but service these messages.  When a message arrives it wakes up, and calls an appropriate method on the server’s remote object, possibly sending a Pass-By-Reference object (PBRO) for the server to use to send back file blocks.

· The server may make calls to the PBRO, which will be activated on the first call and runs on its own Remoting thread – it must, since the Communication thread is blocked in this synchronous call.  The PBRO has no communication with the other threads.  It simply opens a file, saves file blocks, and closes the file.

· When the call ends, the return value of the call is a message that the Communication thread deposits into the RecvQ, another synchronized and blocking queue.  This message will be the file name of the saved file, in the case of a file download.
· The Receiving thread only services this queue and, indirectly through the UI’s Form.Invoke, places result information in the GUI’s controls.  When an entry is made in the RecvQ the Receiving thread wakes, extracts the message, and uses it appropriately in the context of the UI.


This explanation has assumed that we use a SingleCall remote object on the server with Pass-By-Reference communication back to the client, via the reference passed in a function call.  This choice gives each client its own remote object, running in its own thread, so there is no need for synchronization code in the remote object.  Its lifetime is the life of each call.  The up-side of that decision is that the objects do not hang around waiting for their leases to run out, using up valuable server memory resources.  The down-side of this choice is that the object is created with each call, using server CPU resources.  If clients make a lot of calls, very frequently, we would want to consider other options:

· Singleton – a single remote object is created on the server with a leased lifetime.  Every client gets a reference to the same object, so access to its mutable shared data must be synchronized.  This is probably not a good option for a file server since all incoming clients will have to wait for a current download to finish, which may take awhile.  One can’t be definitive about the best approach without making realistic measurements.
· Client Activated – each client gets its own object, created on the client’s first call, and living out a leased lifetime.  Thus, a client may make several calls with the same object, resulting in fewer object constructions.  This choice would make sense if each client usually makes a number of calls within a short period of time.

8. Write a well-formed XML document that represents a module in the component server of projects #3 and #4.


Answer:

<? xml version=”1.0”>
<module name=”scanner”>
  <RI name=”Jim Fawcett” />
  <documents>
    <file type=”behavior” ref=”scannerBehavior.doc” />
    <file type=”design”   ref=”scannerDesign.doc”   />
  </documents>
  <code>
    <file type=”source” name=”scanner.cs”           />
    <file type=”test”   name=”scannerTestDriver.cs” />
  </code>
</module>
9. What is a socket?  What are some of the important methods in the .Net socket class and what do they do?


Answer:
Sockets provide a common interface for using several of the protocols usually encountered in network programming.  The most common of these is the TCP/IP internet protocol, now widely used as the core network protocol.  Others include AppleTalk and IPX/SPX.  Sockets allow you to establish connections to communicate between distinct processes and perhaps machines within a network and across the internet.

For Win32 Sockets the most important functions are:

· socket

- creates a socket structure
· connect
- requests a connection
· bind

- associates a listener with a network card and port
· listen

- puts socket in listening state
· accept

- creates a socket attached to a client that requested a connection
· send

- sends block of bytes to a connected socket
· recv

- receives a block of bytes from a connected socket
· shutdown
- disables sends and receives on a socket
· closesocket
- forces socket connection to close

For System.Remoting.Sockets the most important functions are:

· TcpListener.AcceptSocket
- accepts a connection request
· TcpListener.Start

- starts listening for requests
· TcpListener.Stop

- closes listener
· TcpClient.Connect

- attempts to connect to specific host and port
· TcpClient.GetStream

- returns Network stream used to send and receive
· TcpClient.Close

- closes connection
· NetworkStream.Read

- reads array of bytes from stream
· NetworkStream.Write

- writes array of bytes to stream

· NetworkStream.Close

- closes Network stream


Lower-level System.Remoting.Sockets functions are also available:

· Socket.Connect
- same as corresponding Win32 functions
· Socket.Bind

-
“
· Socket.Listen

-
“
· Socket.Accept

-
“
· Socket.Send

-
“
· Socket.Recv

-
“
· Socket.Shutdown
-
“
· Socket.Close

-
“


10. In Project #5 you are asked to develop an architecture that contains, among other things, An annotation facility, used to review and make comments about components held on the component server.  Suppose that this facility is being used to support design and code reviews.


· On this and the next page, sketch out an architecture for the annotation facility.  How will you present views of the original and annotated document?


· How will you manage the preparation for reviews and report results?  Will your annotator be used during the review?  If so, how does that affect your architecture?  If not, why not?


Answer:
An architecture examines the uses for a system.  It defines its structure, e.g., top level components and responsibilities of each component.  It defines critical processing issues associated with any of the components, and develops a model for the interactions between components.  When planning an architecture for a system we consider its:
· Uses

· Tasks

· Partitions

· Events

· Interactions

· Views


One way to develop the architecture follows:

The major uses of the annotation facility are:

· Markup component’s behavior and design descriptions and code prior to review.

· List identified problems with, and required actions on, component, after review.
· Allow users to add personal annotations to component’s documents and code for their own work purposes.

· Identify reviewers by organization (customer, quality control, design, etc.)

· Display old text, new text, or old text with changes threaded into the text.  Here text refers to both documentation and code.

· Support the use of analysis tools that track changes.


Main partitions are:

· File manager creates, attaches to component, saves, and retrieves annotation document.  Creation starts by cloning document to be reviewed.

· Editor inserts XML markup into document that identifies reviewer and change at the site of the change.  All markup in code is inserted within comments.
· Viewer allows user to switch views between old, proposed new, and merged view.  Merged view shows markup so users can see how changes affect the document.  Old and new views hide markup. 

· Revision tool creates a new document or code file, with appropriate version number, annotations to the maintenance history, and attaches to new version of the component.  The new document is created from the annotation document.  Annotation document is left attached to the prior component version.

· Status tool returns revision status of a component.  That is, it returns, for component’s manifest and for every descendent, whether changes are pending on component.  That is whether there exists an annotation document attached to the component.


Major Events are:

· Creation of an annotation document for a component.  This occurs on a client machine, based on document or source code file retrieved from server.

· Attach annotation document to server’s component manifest.  This occurs with a file upload to the server, and a request to attach to specified component.
· Save or retrieve annotation document.  This is a transaction between a client and server.

· Make revision.  This creates a new document version and a new component version, and saves them on server.

· Request status.  This sends request message to server and receives status message in reply.


Major interactions:

· There are interactions between annotation components on client and server, as cited in the events description above.
· The annotation facility will use the services of a revision manager that handles authorizing revisions and stamping version numbers on files.

· The annotation facility uses the communication subsystem to transmit request and reply messages between client and server.

· The annotation subsystem sends and receives messages from the notification subsystem.  Some notifications are: review request, review complete, revision complete.


Major views:

· Three views are supported: old, proposed new, and merged with markup.


Critical Issues:

· There are no performance issues.

· There is a critical functional issue.  If the annotation and especially its revision tool are used carelessly the Component Server could become swamped with versions.  A change policy and possibly the addition of a change control manager will be needed.
Supplementary Grade Sheet:

Question #1:

· Prevent UI from freezing
· Win32: PostMessage or SendMessage to Windows message queue – these are Win32 API calls.
· .Net: Form.Invoke (inherited from Control)
Question #2:

· listed synchronization mechanisms for either Win32 or .Net

· has correct code fragement
Question #3:

· Type safe wrapper for function pointers, defining a specific function signature.
· Events create instance of delegate.

· Delegates used for calling event handlers, starting threads, providing call flexibility during development.
Question #4:

· Explains SingleCall, Singleton, and Client activation options.
· Has diagram with remote object running on its own thread in server.
· Explains how each activation method deals with concurrent clients.
Question #5:

· Uses, Tasks, Partitions, Events, Interactions, and Views.
· Defines critical threads.

· Establish feasibility, perhaps with simple analysis.
Question #6:

· Thread processing function defined
· Thread created with Thread class constructor, passing thread processing function.

· Thread started.

· Wait for thread to finish.

· Shows how int is passed in, multipliers are passed out.
Question #7:

· Discuss thread activities

· Queue synchronization
· Relationship with activation models.
Question #8

· XML banner
· Single root

· All close tags present

· Structure makes sense

Question #9

· Means to connect two distinct processes, perhaps on separate machines.
· Discussed methods of TcpListener, TcpClient, Socket
Question #10

· Uses, Partitions, Events, Interactions, Views  (Tasks are too detailed for an exam)

· Critical issues

· Makes sense

PRIVATE 
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� Students are not expected to know these details, but only that PostMessage or SendMessage are required.


� All mechanisms for locking a region of code may be used to lock an object by making it a class resource and using in member functions that need to be serialized.  An instance of mutex or event, for example, may be made member data of the class.


� Back-of-the-envelop means a relatively simple calculation, much like we might do over lunch on whatever paper was available – a napkin or the back of an envelope.


� This is a longer answer than I expect you to give.  Its here for Pr#4.


� There is an example of how to do that on the class website in a folder Midterm\code\SimplifiedBlockingQueue.
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